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Abstract (Basic) : EP 913508 A2 

NOVELTY - Carbon nanotube device comprises a carbon nanotube bound 
at its root end to a conductive surface and surrounded at its root end 
by a wall. 

DETAILED DESCRIPTION - A carbon nanotube device comprises a carbon 
nanotube bounded at one end to a conductive substrate, the root of the 
nanotube where it is bounded to the substrate being surrounded by a 
wall. Preferably the nanotube is grown from a catalyst particle 
deposited on the conductive substrate which is in direct conductive 
contact with the substrate, or forms a tunnel junction with the 
substrate via an insulating layer. Method for forming the device 
comprises: forming carbon nanotube binding sites isolated from each 
other by walls on a conductive substrate; and growing the nanotubes at 
the sites. 

USE - As an electron emitting device (claimed) for a display 
device, CRT etc; or as a quantum effect device, micro-machine, 
bio-device or as an atomic force microscope probe or scanning type 
tunnel microscope probe. 

ADVANTAGE - The device has high directivity and provides high 
electron emission. 

DESCRIPTION OF DRAWING (S) - The drawing shows a carbon nanotube 
device of the invention. 
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TECHNOLOGY FOCUS - INORGANIC CHEMISTRY - Preferred Carbon Nanotube 
Device: The catalyst particle is a metal, preferably cobalt, nickel or 
iron of particle size l-100nm preferably 2-50nm, deposited by ac 
electrodeposition. The insulating wall is formed of alumina and 
comprises an anodic oxide film formed from an aluminum thin film formed 
on the substrate. The substrate material includes at least one of 
titanium, zirconium, niobium, tantalum and molybdenum which may form a 
conductive bridge between the catalyst particle and the conductive 
substrate. The insulating wall may alternatively contain silicon. The 
device comprises multiple nanotubes. Preferred Methods: The nanotube is 
grown from a catalyst particle deposited at the binding site. An Al 
film is deposited on the substrate and anodized and a narrow hole is 



formed in the resulWng alumina film, either partially through the film 
or fully through the film to the conductive substrate. A catalyst 
particle is deposited in the hole and the nanotube is grown from the 
catalyst. The substrate is annealed in H2 and/or an inert gas at 
200-1100degreesC for 5-60 minutes prior to deposition of the catalyst 
particle. The substrate may alternatively be formed of low-resistance 
silicon, the narrow hole being formed in the substrate by lithographic 
patterning. The nanotube is grown from methane, ethylene, acetylene, 
carbon monoxide or benzene and hydrogen at a pressure of 500-3000Pa and 
temperature 400-800degreesC. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the carbon nanotube device 
using the carbon nanotube, and its manufacture method, specifically, it is related with the carbon 
nanotube device which can be used as a functional device which can be used as functional devices, such 
as the Ryoko effect device, an electron device, a micro machine device, and a biotechnology device, the 
electron source which used the acute nature of a carbon nanotube further and an STM (scanning 
tunneling microscope) probe, and an AFM (atomic force microscope) probe, and its manufacture 
method 

[0002] Moreover, this invention relates to the electron ray discharge element used for a display, a 

cathode-ray tube, an emitter, a lamp, an electron gun, etc. 

[0003] 

[Description of the Prior Art] Although fibrous carbon is generally called carbon fiber, as for the carbon 
fiber used as a structural material of a size with a diameter of several micrometers or more, many kinds 
of processes have been studied from the former. The process produced from the raw material of a PAN 
(polyacrylonitrile) system or a pitch system occupies the mainstream in it now. 
[0004] About the raw material which carried out spinning from the PAN fiber, isotropic pitch, and 
mesophase pitch, it fire-resistance-izes, and carbonizes at 800-1400 degrees C, and the outlines of this 
process are non-deliquesce and the method of carrying out high temperature processing at 1500-3000 
degrees C. in this way, the obtained carbon fiber — mechanical properties, such as intensity and an 
elastic modulus, — excelling --****-- since it is lightweight, it is used for sporting goods, a heat 
insulator, the structure material of aerospace relation or automobile relation, etc. also as a composite 
material 

[0005] Apart from this, the carbon nanotube discovered in recent years is the material of the shape of a 
tube of the size below a diameter lmum, as an ideal thing, the field of a carbon 6 angle mesh becomes 
parallel to the shaft of a tube, it forms a pipe, and this pipe is in multiplex also with a bird clapper 
further. The semiconductor-bird clapper like a metal or is theoretically expected by how to connect 6 
angle mesh made with carbon, and the size of a tube, and this carbon nanotube is expected as a future 
functional material. 

[0006] Although it is general to use an arc discharge method for composition of a carbon nanotube, the 
laser evaporating method, a thermal decomposition method, plasma use, etc. have been studied in recent 
years. It outlines about the carbon nanotube developed here in recent years. 

[0007] (Carbon nanotube) Although the material below a narrow lmum is called common-name carbon 
nanotube and the carbon fiber is distinguished rather than the carbon fiber, especially a clear boundary 
does not have a diameter. The field of 6 angle mesh of carbon called a material almost parallel to a shaft 
carbon nanotube to in a narrow sense, and when amorphous carbon exists in the circumference of a 
carbon nanotube, it has included in the carbon nanotube. 

[0008] Generally, a carbon nanotube in a narrow sense is classified further, as for the thing of the 
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structure of one sheet, the tube of 6 angle mesh is called single wall nanotube (it is called SWNT for 
short), and what, on the other hand, consists of tubes of multilayer 6 angle mesh is called multi-wall 
nanotube (it is called MWNT for short). Of what structure a carbon nanotube is obtained has not yet 
performed generating only the carbon nanotube of the same structure, although determined to some 
extent by a synthetic method and conditions. 

[0009] When the structure of these carbon nanotubes is summarized simply, it comes to be shown in 
drawin g 1 . The chart on the left is a type section view showing the cross section of a carbon nanotube or 
a carbon fiber among drawin g 1 (a) - (d), and right-hand side drawing is a type section view showing the 
longitudinal section. 1 1 show a carbon fiber among drawing and 12a- 12c show a carbon nanotube. 
[0010] The path of the carbon fiber was large, and it was parallel to the shaft, and had the configuration 
as shown in drawin g 1 (a) from which the cylinder-like network structure has not developed, and in the 
vapor phase cracking using the catalyst, although it is parallel to a shaft and the **** tube-like network 
structure is near the center of a tube like drawin g 1 (b), the carbon of structure confused to the 
circumference has adhered in many cases mostly. 

[001 1] By the arc discharge method, as shown in drawin g 1 (c), it is parallel to a shaft, the **** tube- 
like network structure develops into it, and the coating weight of the carbon of the shape of amorphous 
[ surrounding ] also takes the lead on it to few MWNT. Moreover, by the arc discharge method or the 
laser evaporating method, the tube-like network structure which is not multiplex like drawing 1 (d) 
progresses, and the so-called SWNT is easy to be obtained. 

[0012] Three kinds are mainly used as a process of the above-mentioned carbon nanotube now. It is the 
vapor growth, the analogous method, arc discharge method, and the laser evaporating method in a 
carbon fiber. Moreover, the plasma synthesis method and the solid-phase-reaction method are learned 
besides these the above-mentioned three kinds. 
[0013] Here, it explains briefly [ below ] about three typical kinds. 

(1) The thermal decomposition method this gentleman method using a catalyst is almost the same as a 
carbon fiber vapor growth. Such a process is International by C.E.SNYDER and others. It is indicated 
by WO 89/07163 (International Publication Number) of Patent. Although ethylene and a propane are 
introduced with hydrogen into a reaction container and an ultra-fine particle is introduced 
simultaneously, it is indicated that the raw material which contains oxygen, such as unsaturated 
hydrocarbons, such as saturated hydrocarbons, such as methane, ethane, a propane, butane, a hexane, 
and a cyclohexane, ethylene, a propylene, benzene, and toluene, an acetone, a methanol, and a carbon 
monoxide, besides this is sufficient as material gas. 

[0014] Moreover, as for the ratio of material gas and hydrogen, 1 :20-20:l are good, and the method of 
Fe, Fe, and the mixture of Mo, Cr, Ce, and Mn being recommended, and making it, as for a catalyst, 
adhere on a fumed (fumed) alumina is also advocated. The range of a reaction container is 550-850 
degrees C, about 200 seems have desirable material gas in which hydrogen contains 100sccm(s) and 
carbon per diameter of 1 inch, the flow rate of gas introduces a particle, and a carbon tube grows in 30 
minutes - about 1 hour. 

[0015] In this way, the diameter of the configuration of the carbon tube obtained is about 3.5-75nm, and 
length reaches by 5 to 1000 times the diameter. The network structure of carbon becomes parallel to the 
shaft of a tube, and there is little adhesion of the pyrolysis carbon of a tube outside. 
[0016] Moreover, therefore, it is reported to H.Dai and others (260 "Chemical Physics Letters" 1996p 
471-475) that SWNT will be generated if Mo is used as a catalyst nucleus, and it makes carbon 
monoxide gas into material gas and is made to react at 1200 degrees C, although generation efficiency is 
not good. 

[0017] (2) An arc discharge method arc discharge method is first found out by Iijima, and is indicated by 
Nature (354 Vol. 1991p 56-58) for details. An arc discharge method is a simple method of performing 
DC arc electric discharge using a carbon rod electrode in the atmosphere of argon lOOTorr. A carbon 
nanotube grows up to be a part of front face of a negative electrode with a 5-20nm carbon particle. This 
carbon tube is the layer structure with which the carbon mesh of a length of about 1 micrometers and the 
shape of a 2-50-micrometer tube lapped for the diameter of 4-3 Onm, and the network structure of the 



http ://www4 . ipdl .j po . go .j p/c gi -bin/tran_web_cgi_ej j e 9/2 6/03 



THIS PAGE BLANK (USPTO) 



Page 3 of 16 



carbon is spirally formed in the shaft in parallel. 

[0018] A spiral pitch is in agreement for every layer in every tube and a tube, and the distance between 
layers in the case of a **** intermediary cage and a multilayer tube is mostly in agreement with the 
distance between layers of 0.34nm and graphite, point ** of a tube — it has already closed in the network 
of** RIKABON 

[0019] Moreover, T.W.Ebbesen and others has indicated the conditions which generate a carbon 
nanotube in large quantities by the arc discharge method to "Nature" (358 Vol. 1992p 220-222). The 
diameter of 9mm is used for cathode and a carbon rod with a diameter of 6mm is used for an anode 
plate, it installs so that it may lmm-detach and may counter in a chamber, and the arc discharge of about 
18V and 100A is generated in the atmosphere of about 500 helium Torr(s). 

[0020] If it is 500 or less Torrs, there will be few rates of a carbon nanotube and the whole amount of 
generation will decrease by at least 500 or more Torrs. If it is 500Torr(s) of optimum conditions, the rate 
of the carbon nanotube in a product will reach to 75%. Even if it changed injection power or used 
atmosphere as the argon, the rate of collection of a carbon nanotube fell. Moreover, a nanotube exists 
mostly near the center of the generated carbon rod. 

[0021] (3) The laser evaporating method laser evaporating method was reported to "Chemical 
PhysicsLetters" (243, 1995, p49-54) by T.Guo and others, and A.Thess and others has reported 
generation of the shape of a rope SWNT by the laser evaporating method to "Science" (273 vol. 1996p 
483-487) further. The outline of this method is as follows. 

[0022] First, after installing the carbon rod which distributed Co and nickel into a quartz tube and filling 
Ar 500 Torrs in a quartz tube, the whole is heated at about 1200 degrees C. And NdYAG laser is 
condensed from the edge of the upstream of a quartz tube, and heating evaporation of the carbon rod is 
carried out. If it does so, a carbon nanotube will accumulate on the downstream of a quartz tube. This 
method is promising as a method of producing SWNT alternatively, and SWNT gathers and it has the 
features ~ it is easy to become lobe-like. 

[0023] Next, the conventional technology is explained about application of a carbon nanotube. 
(Application of a carbon nanotube) Although the application product of a carbon nanotube has not come 
out at present, the research activities towards application- ization are active. A typical example is 
explained briefly [ below ] in it. 

[0024] (1) Its nose of cam is acute, and since an electron-source carbon nanotube has electrical 
conductivity, it has many examples of research as an electron source. W.A. deHeer and others was 
"Science" (Vol. 270, 1995, pll79), he refined the carbon nanotube obtained by the arc discharge method, 
stood it on the substrate through the filter, and was taken as the electron source. It is lcm2 although the 
electron source serves as a group of a carbon nanotube in this report. It is indicated that the emission 
current 100mA or more was stabilized by impression of the voltage of 700V, and it was obtained from 
area. 

[0025] moreover, the place which A.G.Rinzler and others attached in the electrode one of the carbon 
nanotube obtained by the arc discharge method by "Science" (Vol. 269, 1995, pl550), and evaluated the 
property — about 75 - about [ from the carbon nanotube which the nose of cam closed by voltage 
impression of V ] ~ it is indicated that the emission current of about 0.5microA was obtained from the 
carbon nanotube which InA and the nose of cam opened 

[0026] (2) STM, AFMH.Dai and others have reported the application to STM of a carbon nanotube, and 
AFM in "Nature" (384, 1996, pl47). The carbon nanotube was produced by the arc discharge method, 
and the amount of point has become SWNT with a diameter of about 5nm. A chip (tip) is thin, since it is 
pliant, it can observe also at the bottom of the crevice portion of a sample, and it is said that an ideal 
chip (tip) without chip crash (tip crash) at a nose of cam is obtained. 

[0027] (3) It has reported that a several times as many hydrogen-content child as this can store hydrogen 
storage material A.C.Dillon and others as compared with the carbon generated from the raw material of 
a pitch system by using SWNT to "Nature" (386 Vol. 1997p 377-379). Although the examination to 
application has still started just, it is expected as hydrogen storage material, such as a hydrogen fueled 
car, in the future. 
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[0028] A size and the direction of the carbon nanotube obtained in the composition and the process of a 
carbon nanotube of the conventional technology are quite random, and the electrode is not joined to a 
carbon nanotube immediately after growth. That is, a carbon nanotube must be collected and refined 
after composition on the occasion of use, and it must form in a specific configuration according to the 
form used further. 

[0029] For example, when it is going to use as an electron source, A.G.Rinzler and others takes out one 
of a carbon fiber as shown in "Science" (Vol. 269, 1995, pi 550-1553), and pasting an electrode needs 
one of the two. 

[0030] Moreover, Walt A.de As shown in "Science" (Vol. 270, 1995, pll79- 1180) and "Science" (268 
Vol. 1995p 845 -847), after Heer and others refines the carbon nanotube produced by arc discharge, the 
process which makes a carbon nanotube stand on a substrate using a ceramic filter needs him. In this 
case, the carbon nanotube is not positively joined to an electrode. Moreover, the carbon nanotube to be 
used was not the device which is easy to become entangled mutually intricately and can discover the 
property of each carbon nanotube enough. 
[0031] 

[Problem(s) to be Solved by the Invention] this invention is made in view of such a problem, the 
directivity of a carbon nanotube is high, and a metaphor is aimed at offering a carbon nanotube device 
with many amounts of electron emission when it uses as an electron emission element. Moreover, a 
carbon nanotube joins together so that it can flow on a conductive front face, and this invention sets it as 
other purposes to offer the manufacture method of a carbon nanotube device with the high directivity of 
a ****** carbon nanotube. Furthermore, this invention aims at offering a highly efficient electron 
emission element with many amounts of electron emission. 
[0032] 

[Means for Solving the Problem] And the carbon nanotube devices of this invention which can attain 
this purpose are the base which has a conductive front face, and a carbon nanotube device equipped with 
the carbon nanotube which the end has combined so that it can flow on this conductive front face, and 
are characterized by surrounding the bond part to the conductive front face of this carbon nanotube with 
the obstruction. 

[0033] It is desirable to form this obstruction in the layer containing an alumina or silicon when 
attaining densification of the carbon nanotube combined with the conductive front face. Moreover, the 
obstruction containing an alumina is acquired by anodizing this aluminum, after forming an aluminum 
thin film for example, on this conductive front face. And it is desirable to make it consist of layers which 
contain at least one element chosen from titanium, a zirconium, niobium, a tantalum, molybdenum, 
copper, and zinc in this conductive front face, especially niobium at this time. Because, it is because it is 
not necessary to protect this conductive front face beforehand also at the time of the anodic oxidation of 
an aluminum thin film. 

[0034] Moreover, the manufacture method of the carbon nanotube device which can attain the above- 
mentioned purpose It has the base which has a conductive front face, and the carbon nanotube which the 
end has combined so that it can flow on this conductive front face. The circumference of the bond part to 
this conductive front face of this carbon nanotube is the manufacture method of the carbon nanotube 
device surrounded with the obstruction. It is characterized by having the process which forms the carbon 
nanotube formation field mutually isolated with two or more obstructions in this conductive front face of 
the base which has a conductive front face, and the process which forms a carbon nanotube in this 
carbon nanotube formation field. , 

[0035] Furthermore; the electron emission element which can attain the above-mentioned purpose The 
electrode in the position which counters this conductive front face of a base and this base that has a 
conductive front face, And it has the carbon nanotube which the end has combined so that it can flow on 
this conductive front face on the field which is equipped with a means to impress potential between this 
conductive front face and this electrode, and counters this electrode of this conductive base. It is 
characterized by surrounding the circumference of the bond part to this conductive front face of this 
carbon nanotube with the obstruction. 
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[0036] And according to such this invention, the directivity of this carbon nanotube at the time of 
forming a carbon nanotube on a conductive base is controlled by the obstruction, and the thing of it can 
be carried out with it. The electron emission element which was excellent in the electron emission 
characteristic as the result, and an image are good, and the carbon nanotube device used suitable for 
probes with intensity, such as STM and AFM, etc. can be obtained. 

[0037] Moreover, when this obstruction is used as the layer containing an alumina or silicon, two or 
more carbon nanotubes combine with a conductive-layer front face, and the carbon nanotube device of 
composition of that the bond part of each carbon nanotube was mutually isolated with this obstruction 
can be formed efficiently. Since such a device is equipped with the isolated carbon nanotube to which 
directivity was equal with high density, it becomes what was suitable with the application to probes, 
such as an electron emission element, STM, and AFM, etc. 

[0038] Furthermore, when it is made for this conductive front face to consist of layers containing at least 
one chosen from the titanium and the zirconium which are supported by this base, niobium, a tantalum, 
molybdenum, copper, and zinc, the carbon nanotube concerning this invention can be formed easily. 
That is, although the alumina thin film which has pore according to this anodic oxidation is formed 
when forming this barrier layer according to the anodic oxidation of an aluminum thin film, even if it 
performs anodic oxidation so that it may become this electrode front face about the bottom of this pore, 
the carbon nanotube which this conductive front face was not harmed and was combined with this 
conductive front face possible [ a flow ] as the result can be formed easily. 

[0039] In addition, in the above-mentioned various this inventions, not only the mode that the carbon 
nanotube couples directly with the conductive front face as the end of a carbon nanotube has combined 
with the conductive front face of a base possible [ a flow ] but the mode in which the carbon nanotube is 
combined with the conductive front face by the tunnel effect possible [ a flow ] through the insulating 
layer and the mode by which the carbon nanotube is combined with the conductive front face possible 
[ a flow ] through the insulating layer including the path containing the element which constitutes a 
conductive front face are included. 
[0040] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. 

[0041] each operative condition of the carbon nanotube device which drawing 2 (a) - (d) and drawing 3 
(a) - (d) requires for an each this invention -- it is an outline cross section [ like ] In addition, in this 
invention, a carbon nanotube is the structure equipped with the structure of the shape of a cylinder which 
consists of material which makes carbon a principal component in part at least, and points out especially 
the structure whose diameter for a body is below lmum. 

[0042] In drawing 2 and drawing 3 , the layer from which 20 constitutes a base and 21 constitutes the 
conductive front face of a base 20, the carbon nanotube with which 24 is combined with this conductive 
front face possible [ a flow ], the catalyst ultrafme particle which 23 has between this carbon nanotube 
and this conductive front face, and 22 are obstructions which enclose the circumference of the bond part 
(root) to the conductive front face 21 of a carbon nanotube 24. 

[0043] The layer 21 which constitutes the conductive front face of this base is formed on a base 20, 
through the catalyst ultrafme particle 23 in the front face of the layer 21 which constitutes this 
conductive front face, the carbon nanotube 24 is combined and a part for the bond part to the conductive 
front face of a carbon nanotube 24 is surrounded for drawin g 2 (a) with the obstruction 22. 
[0044] Base 20 self was equipped with the conductive front face, the carbon nanotube has combined 
drawing 2 (b) with this conductive front face through the catalyst ultrafme particle 23, and a part for the 
bond part to the conductive front face of a carbon nanotube 24 is surrounded with the obstruction 22. 
[0045] Moreover, drawing 2 (c) is a mode which consists of semiconductor obstructions 25 with which 
an obstruction 22 and the layer 21 which constitutes a conductive front face consist of a semiconductor, 
and drawing 2 (d) is a mode which consists of semiconductor obstructions 25 with which the base 20 
which has a conductive front face, and **** 22 consist of a semiconductor. 

[0046] In the above-mentioned example, the junction between a carbon nanotube and a conductive front 
face has the Schottky barrier etc. from the ohmic junction which has taken junction enough electrically, 
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and a junction property changes with the composition and the production conditions of a layer which 
constitute a catalyst and a conductive front face. 

[0047] A carbon nanotube is joined to a conductive front face by the tunnel junction possible [ a flow ], 
and drawing 3 has shown the example by which this joint is enclosed with the obstruction 22. 35 are 
****** among drawin g 3 . 

[0048] Drawin g 3 (a) has ****** 35, such as a scaling layer, on the layer 21 which constitutes the 
conductive front face of a base, the catalyst ultrafine particle 23 is on it, and the example the carbon 
nanotube has grown to be from the catalyst ultrafine particle 23 is shown. Drawing 3 (b) is an example 
currently formed also in the side of an obstruction in which an insulating layer 35 encloses a carbon 
nanotube bond part. The front face of a layer 21 where drawing 3 (c) constitutes a conductive front face 
is unreserved. It is the case where the insulating layer 35 is formed only in a part for the bond part of a 
carbon nanotube 24, and drawin g 3 (d) is an example by which a base 20, a layer 21 which constitutes a 
conductive front face, and a semiconductor obstruction 25 with which an obstruction 22 consists of a 
semiconductor are consisted of, and the insulating layer 35 is formed in the front face. 
[0049] Although the tunnel junction type is shown altogether and it depends for the thickness of the 
optimal insulating layer on driver voltage, and composition and structure of an insulating layer in these 
examples, 1-1 Onm is specifically a desirable range Factice nm - lOnm of numbers about. A silicon 
oxide, titanium oxide, an alumina, etc. are mentioned as composition of an insulating layer. And an 
insulating layer is ****** in oxidizing a conductive front face, before forming an obstruction 22 in a 
conductive front face, if it is the composition of drawin g 3 (a), and **. Moreover, if it is the composition 
of drawing 3 (b) and (c), a barrier layer 22, a conductive front face, or a conductive front face can be 
formed by oxidizing after formation of an obstruction 22. 

[0050] Composition as shows the composition shown in this drawing 2 and drawing 3 for example to 
******, for example, drawing 9 , is also the thing of this invention within the limits. In drawing 9 , 91 is 
the insulating layer formed on the layer 21 which constitutes a conductive front face, and serves also as 
the obstruction 22 in this mode. And 53 is the pore formed into this insulating layer. And 93 is the path 
of the shape of a bridge which connects a conductive front face and a pore bottom. And the catalyst 
ultrafine particle 23 is formed in the bottom of such pore, and the carbon nanotube 24 is growing from 
the catalyst ultrafine particle front face perpendicularly to a base front face in accordance with the wall 
of pore 53. The conductivity between the catalyst ultrafine particle 23 formed in the pore bottom with a 
path 93 and the layer 21 which constitutes a conductive front face is improved. 

[0051] The carbon nanotube device shown in drawing 9 is equipped with the composition through which 
the conductive front face and the carbon nanotube are made to flow through a path and a catalyst 
ultrafine particle and by which the bond part to the conductive front face of the carbon nanotube was 
enclosed with the obstruction, for example, the wall of pore, and drawing 2 and drawing 3 are other 
embodiments of the carbon nanotube device concerning this invention equipped with different 
composition. 

[0052] As the base 20 was indicated in each above-mentioned embodiment to drawing 2 (a) or drawing 
3 (a) - (c) or drawin g 9 , and 1 1, in forming separately the layer 21 which constitutes a conductive front 
face, unless it influences by the formation conditions of a carbon nanotube, and the formation conditions 
(for example, conditions, such as anodic oxidation etc.) of an obstruction 22, especially the material is 
not limited but silicon etc. is specifically mentioned. 

[0053] Moreover, in the carbon nanotube device of composition of having indicated to drawing 2 (b), 
(c), drawing 2 (d), or drawing 3 (d), the base which consists of semiconductors, such as p type silicon 
and n type silicon,; for : example is used suitably. 

[0054] When the insulation demanded when it device-izes, the thermal resistance at the time of carbon 
nanotube membrane formation, etc. are taken into consideration, as for an obstruction 22, it is desirable 
to consist of material which makes an alumina or silicon a subject. The material which makes silicon a 
subject here means that at least one chosen from silicon, a silicon oxide, carbonization silicon (SiC), etc. 
is included. And the obstruction which consists of such material has the effect of playing the role which 
is forming so that the bonding site to the conductive front face of a carbon nanotube may be surrounded, 
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for example, guides the growth direction at the time of carbon nanotube growth. 
[0055] Thus, in order to produce the barrier layer which encloses the bond part to the conductive front 
face of a carbon nanotube, it can form also by the general patterning methods, such as a general 
photolithographic process and an electron beam lithography. Moreover, the bond part to the conductive 
front face of each carbon nanotube of the conductive front face in which the carbon nanotube is formed 
with high density is surrounded with an obstruction, and when obtaining the carbon nanotube device of 
composition (refer to drawin g 5 ) as each bond part was isolated by the barrier layer, silicon or a silicon 
oxide obtained by the anodization of the alumina obtained according to the anodic oxidation of 
aluminum (aluminum) or silicon (Si) is suitably used for an obstruction. 

[0056] The anode oxidation method of aluminum is the method of using aluminum as cathode for an 
anode plate, Pt, etc. in the solution of oxalic acid, impressing about [ 40V ] voltage, and oxidizing the 
front face of aluminum. By this method, the pore whose diameters are several nm - lOnm of numbers on 
the surface of aluminum is obtained, and a front face oxidizes simultaneously and serves as an alumina. 
[0057] For example, after forming an aluminum thin film in a conductive front face, this aluminum thin 
film is anodized and the carbon nanotube device concerning this invention can be obtained by growing 
up a carbon nanotube from this conductive front face into the pore formed in the oxide film on anode 
(alumina film) of aluminum at this time. At this time, it is desirable to constitute from a layer containing 
at least one element chosen from titanium (Ti), a zirconium (Zr), niobium (Nb), a tantalum (Ta), 
molybdenum (Mo), copper (Cu), and zinc (Zn) in a conductive front face, especially a layer which 
consists of Nb. 

[0058] That is, when a conductive front face is formed with such a material, the pore formed in an 
alumina film in the case of the anodic oxidation of aluminum does not disappear, or it does not exfoliate 
from a conductive front face. Moreover, it excels also in the thermal resistance to the elevated 
temperature at the time of the carbon nanotube membrane formation performed behind. 
[0059] Moreover, when a conductive front face is formed with such a material, and after the oxidization 
end of aluminum film continues anodic oxidation, as shown in drawing 9 , the path 93 containing the 
material which constitutes the conductive front face of the shape of a bridge which connects the pars 
basilaris ossis occipitalis and the conductive front face of pore 53 can be formed into the alumina film 
which exists between pore 53 and the layer 21 which constitutes a conductive front face. And since this 
path 93 is raised in the conductivity between the pars basilaris ossis occipitalis of pore 53, and a 
conductive front face, when applying the carbon nanotube device concerning this invention to an 
electron emission element, it is desirable. [ of especially the thing used for a conductive front face as the 
above-mentioned material ] 

[0060] Moreover, in a fluoric acid solution, the anodization of Si uses Si substrate as an anode plate, 
uses platinum as cathode, and it is severall.O mA/cm2. It is the method of passing current, and as shown 
in drawing 6 by this method, two or more pores isolated by ** by silicon or the silicon oxide can be 
formed in Si substrate front face. 

[0061] Conductive silicon substrates (p type Si etc.) can be prepared as a base there, the pore which 
carried out anodization of this conductive silicon-substrate front face, and was isolated by silicon or the 
silicon oxide can be formed, and the carbon nanotube device concerning this invention can be obtained 
by growing up a carbon nanotube from the bottom of this pore. 

[0062] As described above, when forming a carbon nanotube in the pore obtained by the anodic 
oxidation of aluminum, and the anodization of Si, it is desirable to form the ultrafine particle of a 
catalyst in a pore bottom, i.e., a conductive front face, and to grow up a carbon nanotube into this 
catalyst ultrafine particle front face. As an example of the material which can be used as a catalyst, iron 
(Fe), cobalt (Co), or nickel (nickel) is mentioned, for example. 

[0063] The range lnm - lOnm of whose particle diameters is 2-50nm especially as size of a catalyst 
ultrafine particle is desirable. Such a material and the catalyst of size can make the path of a carbon 
nanotube the size excellent in for example, electron emission efficiency. 
[0064] As the method to the pore of such a catalyst ultrafine particle to embed, for example, an 
alternating current electrodeposition process is used effectively. For example, what is necessary is just to 
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impress the alternating current (50Hz) voltage before and behind 15V between this conductive front face 
and a counterelectrode in solution of 3 = 2% of H3 BO(s) CoS04 and 7H2 0=5%, if it is the case where 
Co ultrafine particle is produced. According to this method, a catalyst ultrafine particle can be 
introduced also into the small pore formed, for example of the anodic oxidation of aluminum. 
[0065] The method of carrying out the vacuum evaporationo of Fe, Co, or the nickel to the conductive 
front face which has pore and an obstruction, for example as other methods of introducing a catalyst 
ultrafine particle into pore, and carrying out the heat condensation of this vacuum evaporationo film is 
mentioned. 

[0066] Thus, the method of heat-treating a base as a method of growing up a carbon nanotube, in the gas 
atmosphere which added others, dilution gas, growth promotion gas, etc., for example is effective in the 
conductive front face in which it was surrounded with the conductive front face surrounded with the 
obstruction formed, or the obstruction, and the catalyst was prepared. [ material gas ] Many of gas which 
contains carbon as material gas can be used. 

[0067] For example, the benzonitrile containing the element of the methane which consists only of 
carbon and hydrogen, ethane, a propane, butane, a pentane, a hexane, ethylene, acetylene, benzene, 
toluene, a cyclohexane, etc. and others, an acetone, ethyl alcohol, methyl alcohol, a carbon monoxide, 
etc. are mentioned. 

[0068] Although a raw material desirable in these changes a little with composition and growth 
temperature of the kind of base, a growth nucleus, etc., or pressures, an impurity does not enter [ the 
direction of the raw material which consists of carbon, hydrogen, and oxygen ] easily. 
[0069] Moreover, when it thinks from the point of growth at the low temperature of a carbon nanotube, 
ethylene, acetylene, and a carbon monoxide are desirable. Although hydrogen is mentioned as growth or 
growth promotion gas, since it is dependent on material gas, composition of reaction temperature and a 
growth nucleus, etc., there may not be the effectiveness of hydrogen especially. Moreover, dilution gas 
is effective to ease the toxicity and explosivility of the case where growth is too quick, and material gas, 
and inert gas, nitrogen, etc., such as an argon and helium, are mentioned. 

[0070] Next, the manufacture method of the carbon nanotube device concerning this invention shown in 
drawin g 5 sticks like 1 operative condition, and it explains in detail. 

[0071] Drawing 5 is process drawing showing the manufacture process of the vertical-mold carbon 
nanotube device which used alumina pore. First, as shown in drawing 5 (a), aluminum film is formed, 
without taking out into air on Si wafer substrate, after forming the film which makes a principal 
component Ti, Zr, Nb, Ta, Mo, Cu, or Zn. The serial sputtering method by the sputtering system which 
has two or more targets as this membrane formation method, for example is mentioned. 
[0072] Next, although the front face of aluminum will oxidize at first and current value will decrease as 
shown in drawing 10 if the voltage of 40V is impressed by using Pt as cathode, using a base as an anode 
plate, dipping a base in the oxalic acid solution of 0.3M, and holding it at 17 degrees C, in order to 
anodize aluminum, with formation of the pore accompanying oxidization of aluminum film, current 
value increases and becomes fixed. Then, an end of oxidization of aluminum film changes current value 
depending on the material which constitutes a conductive front face. For example, as a layer which 
constitutes a conductive front face, when Ti, Zr, Nb, Ta, or Mo is used, as shown in drawing 10 (a), 
anodic oxidation current shows reduction. On the other hand, when the layer which constitutes a 
conductive front face is formed by Cu or Zn, as shown in drawing 10 (b), once anodic oxidation current 
increases, it shows reduction. And it is possible to manufacture the structure for carbon nanotube 
devices shown for any of drawin g 2 , drawing 3 , and drawing 9 being by selection of the material which 
constitutes a conductive front face, and control of the halt time of anodic oxidation. 
[0073] For example, a conductive front face is constituted from Ti, Zr, Nb, Ta, or Mo. When the anodic 
oxidation of aluminum film formed in this conductive front face is stopped just before an anodic 
oxidation current curve falls, As shown in drawing 5 (b), the aluminum layer 26 formed in the 
conductive front face oxidizes altogether in the thickness direction, and serves as an alumina. Moreover, 
pore 53 cannot reach up to the conductive front face 21 , but can obtain the structure in which an alumina 
exists by the thickness of about 1-1 Onm between the bottom of pore 53, and a conductive front face. 
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And this structure can be used as the structure for carbon nanotube devices by which the obstruction 22 
and the insulating layer 35 were constituted from same material in the carbon nanotube device of 
drawin g 3 (b) which a carbon nanotube and a conductive front face come to flow by the tunnel effect. 
[0074] Moreover, a conductive front face is constituted from Ti, Zr, Nb, Ta, or Mo, and when the anodic 
oxidation of aluminum film formed in this conductive front face is stopped after an anodic oxidation 
current curve began to fall, as shown in drawin g 9 , a path 93 can be formed between a conductive front 
face and the pars basilaris ossis occipitalis of pore 53. As a result of material analysis, it turns out that 
the material which constitutes a conductive front face, i.e., Ti, Zr, Nb, and Ta, Mo, and oxygen are 
included, and this path 93 can raise the conductivity between a conductive front face and pore sharply by 
formation of this path. Consequently, improvement in the efficiency of electrodeposition of the catalyst 
particle to pore and conductive large improvement between the conductive front face when forming a 
carbon nanotube in pore further and a carbon nanotube can be aimed at. 

[0075] The phenomenon which passes aluminum portion to which elution into the electrolytic solution 
of an alumina took place at the pore bottom in process in which pore is formed of the anodic oxidation 
of aluminum film although the reason a path is formed here is not clear, and anodic oxidation of the 
aluminum ion was carried out by electric field with oxidization of aluminum at an anodic oxidation 
interface (interface of an alumina and aluminum), and is pulled out in the electrolytic solution is 
observed. If anodic oxidation is continued from this after the anodic oxidation of aluminum film is 
completed, it will be thought that the operation which is going to pull out the material (for example, Ti, 
Zr, Nb, Ta, or Mo etc.) from which anodic oxidation arrives even at a conductive front face, and 
constitutes a conductive front face in the electrolytic solution through the alumina layer of a pore bottom 
arises. And oxides, such as Ti, Zr, Nb, Ta, or Mo, are chemically stable, and in order not to dissolve in 
the electrolytic solution easily, it is thought that it remains as a path in the alumina of a pore bottom. 
[0076] By the way, when annealing processing is performed for the structure in which the path was 
formed under the atmosphere of hydrogen gas, inert gas or hydrogen gas, and inert gas, it is possible to 
raise further the conductivity between the conductive front face of this structure and pore 53. Although 
the reason the conductivity between the conductive front face of this structure and pore 53 is improved 
more by this annealing processing is not clear, it is thought that it is because a path is returned. 
[0077] And much more conductive improvement between the conductive front face of this structure and 
pore 53 is the desirable process of adopting, especially when applying the carbon nanotube device which 
is raised and starts [ much more ] this invention in the conductivity between the conductive front face 
after raising the electrodeposted efficiency of the catalyst ultrafine particle of pore pars-basilaris-ossis- 
occipitalis HE and forming a carbon nanotube in pore, and this carbon nanotube to an electron emission 
element. In addition, as temperature of annealing, 200-1 100 degrees C and time have 5-60 desirable 
minutes. 

[0078] Furthermore, a conductive front face is constituted from Cu or Zn, and when anodic oxidation is 
stopped after anodic oxidation current began to fall, as shown in drawing 1 1 , the structure to which pore 
53 arrived even at the conductive front face is obtained. And this structure can be used as the structure 
for carbon nanotubes which the carbon nanotube coupled directly with the conductive surface exposed 
surface as shown in drawin g 2 (a). 

[0079] In the structure concerning each mode described above here, pore can also extend the diameter 
by being immersed into an about [ 5wt% ] phosphoric-acid solution. 

[0080] Subsequently, a carbon nanotube device as shown in drawin g 2 , drawing 3 , or drawin g 9 is 
obtained by growing up a carbon nanotube device from the catalyst ultrafine particle front face which 
embedded the catalyst ultrafine particle into pore using said method, and was embedded into pore. 
[0081] Growth of a carbon nanotube can be performed using a reactor as shown in drawin g 4 . Drawin g 
4 is explained here. 41 in drawing 4 is a reaction container, a base and 43 are infrared-absorption boards 
and 42 is also playing a role of a base electrode holder. 44 is a pipe which introduces material gas, such 
as ethylene, and it is desirable to be arranged so that the material gas concentration near a base may 
become uniform. 45 is a gas introduction pipe which introduces dilution gas, such as reaction promotion 
gas, such as hydrogen, and helium, and it is arranged near the aperture so that it may be useful also to 
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prevention of the infrared transparency aperture 49 blooming cloudy with decomposition of material 
gas. 

[0082] 46 is the exhaust air line of gas and is connected to the turbo molecular pump or the rotary pump. 
47 is an infrared lamp for substrate heating, and 48 is a condensing mirror for collecting infrared 
radiation to an infrared absorption efficiently. Although omitted drawing, the thermocouple which 
measures the temperature of the vacuum gage which acts as the monitor of the pressure in a container, or 
a base is incorporated. 

[0083] You may be equipment of not only the equipment explained, of course here but the electric 
furnace type which heats the whole from the exterior. For example, lOsccm introduction of the ethylene 
is carried out from the material gas introduction pipe 44, lOsccm introduction of the hydrogen is carried 
out from the gas introduction pipe 45 of growth promotion gas and dilution gas, the pressure in a 
container is set to lOOOPa, a base is made into 700 degrees C by the infrared lamp, and it is made to 
react to material gas for 60 minutes in growth of an actual carbon nanotube. 

[0084] Thus, although the path of the carbon nanotube obtained is dependent on the path of a catalyst 
ultrafine particle, or other reaction conditions, it has a diameter several nm - submicron, for example, 
and length becomes several lOnm - 10 micrometers of numbers. Moreover, since one end of a tube has 
already combined with the conductive front face of a base possible [ a flow ], it is convenient for 
especially application of probes, such as a field electron emission and STM, the vibrator of quantum 
device and a micro machine, various electrodes, etc. Moreover, carbon is chemically stable and can use 
also as reforming on eye a high intensity hatchet and the front face of a base. 
[0085] 

[Example] Hereafter, this invention is explained more to a detail using an example. 
[0086] Si wafer substrate which has the clean surface as an example 1(1) base was prepared, and Ti was 
formed in thickness of lOOnm by the RF sputtering method on this Si wafer front face. Sputtering 
conditions were set to RF power:400W and Ar partial-pressure-of-gas:5mmTorr. After forming Ti, 
within the same equipment, the target was changed into aluminum, aluminum film was formed in 
thickness lmum on the same sputtering conditions, and the base shown in drawing 5 (a) was produced. 
[0087] Moreover, the base which has the laminated structure shown in drawing 5 (a) like the above was 
produced except having changed Ti thin film into Zr, Nb, Ta, Mo, Cu, Zn, Pd, or Au thin film. 
[0088] The base was used as the anode plate, Pt was used as cathode, flooding with the oxalic acid 
solution of 0.3M respectively, and holding these bases at 17 degrees C, the voltage of 40V was 
impressed, and anodic oxidation of aluminum was performed. Although the front face of aluminum 
oxidized quickly at first by voltage impression and anodic oxidation current decreased as shown in 
drawing 10 , when aluminum film oxidizes and pore began to be formed, current value came to show an 
almost fixed value. Then, anodic oxidation was stopped, after current value decreased quickly, as the 
curve (a) showed each base which used as Ti film, Zr film, Nb film, Ta film, and Mo film the layer 
which constitutes a conductive front face to drawing 10 . It was for about 10 minutes in the meantime. 
These bases will be called the base of group ** here. 

[0089] Moreover, about each base which used as Cu film and Zn film the layer which constitutes a 
conductive front face, as the curve (b) of drawin g 10 showed, once current value went up, when it fell, 
anodic oxidation was stopped. It was about 10 minutes in the meantime. These bases will be called the 
base of group ** here. 

[0090] Furthermore, about each base which used as Pd film and Au film the layer which constitutes a 
conductive front face, as shown in the curve (c) of drawing 10 , after current value increased quickly, 
anodic oxidation was stopped. It was about 10 minutes in the meantime. These bases will be called the 
base of group ** here. 

[0091] Next, when the composition was analyzed about the base of above-mentioned group **, **, and 
** using the transmission electron microscope, as the base of group ** was shown in drawing 9 , the 
aluminum film on a conductive front face oxidized completely in the thickness direction, and pore 53 
had not arrived at a conductive front face. And it was checked that the path of the shape of a bridge 
containing the metal (for example, Ti, Zr, Nb, Ta, or Mo) which constitutes a conductive front face is 
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formed between a conductive front face and a pore pars basilaris ossis occipitalis. 
[0092] About the base of group **, having arrived even at the conductive front face, as aluminum film 
on a conductive front face oxidizes completely in the thickness direction and pore was shown in drawing 
2 (a) was checked. 

[0093] Moreover, about the base of group **, although aluminum film of a conductive front face 
oxidized, pore had disappeared. Although the reason to which pore disappeared is not clear, it is thought 
that the conductive front face reacted with the electrolytic solution, the high current occurred, oxygen 
gas etc. occurred at that time, and pore has been destroyed. 

[0094] (2) The layered product shown in drawing 5 (a) in which Ti film, Zr film, Nb film, Ta film, and 
Mo film were formed on Si wafer base front face was produced like the above (1). The base was used as 
the anode plate, Pt was used as cathode, flooding with the oxalic acid solution of 0.3M respectively, and 
holding these bases at 17 degrees C, the voltage of 40V was impressed, and anodic oxidation of 
aluminum was performed. Anodic oxidation stopped, just before reduction of the anodic oxidation 
current shown with a curve (a) in drawing 10 was observed. It was about 8 minutes in the meantime. 
These bases will be called the base of group **. 

[0095] When the composition was analyzed using the transmission electron microscope about the base 
of group **, the aluminum film on a conductive front face oxidized completely in the thickness direction 
like the base of group **, and pore 53 had not arrived at a conductive front face. And the observed path 
was not observed in the base of group **. 

[0096] Next, about the base of group ** and **, the ease of carrying out of plating to a pore front face 
was measured by the following methods. That is, potential required to plate Co film in pore CoS04 and 
7H2 0=5 wt%, the base of group ** and ** being immersed into H3 B03 =2wt% solution, and applying 
potential between opposite Co electrodes was measured as potential of the base to a calomel normal 
electrode. In group **, it was or more [ -10 ] V need to as a result having been abbreviation- 1- 1.5V 
about the base of group **. This shows that the role with the bridge-like path important for conductive 
improvement with a pore bottom and a conductive front face generated in the base of group ** is played. 

[0097] (3) The base of group **, **, and ** was prepared by the same method as the above (1) and (2) 
explained. Next, the catalyst ultrafine particle was produced by the alternating current electrodeposition 
process to pore **** of each base. The base which produced pore was dipped in H3B03=2wt% solution 
CoS04.7H20= : 5wt%, and the structure which Co ultrafine particle electrodeposited at the pore bottom 
like drawin g 5 (c) was acquired by impressing the alternating current (50Hz) voltage of 15V for several 
seconds. 

[0098] Next, the carbon nanotube was grown up within the reactor as shown in drawing 4 . The base 
which has a catalyst ultrafine particle first was installed into the reactor, lOsccm introduction of the 
hydrogen gas was carried out from the gas introduction pipe 45, and the pressure in a reaction container 
was set to 500Pa. And the infrared lamp was turned on and base temperature was made into 400-800 
degrees C. 

[0099] After temperature was stabilized, about 10 seem introduction of the material gas of methane, 
ethylene, acetylene, a carbon monoxide, or benzene was carried out from the material gas introduction 
pipe 44, and the pressure in a reaction container was set to lOOOPa, and was held for 20 minutes. And 
after erasing the infrared lamp, intercepting gas supply and making substrate temperature into the room 
temperature, the base was taken out in the atmosphere. 

[0100] When the front face of the taken-out base was observed in FE-SEM (Field Emission-Scanning 
Electron Microscope:field emission scanning electron microscope), as any base was shown in drawin g 5 
(d), the carbon nanotube was growing from the catalyst ultrafine particle of a pore bottom. Depending 
on material gas or the catalyst ultrafine particle, carbon nanotubes are the diameter of several nm - lOnm 
of numbers, and where one side of a tube is joined to a substrate, they were growing perpendicularly 
along with the pore from a substrate. 

[0101] However, when methane was source gas, there was little growth of a carbon nanotube. Moreover, 
when benzene is source gas, there is variation in the path of a carbon nanotube, and the thick thing was 
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of the same grade as the diameter of pore. The growth optimum temperature of a carbon nanotube 
became high in order of a carbon monoxide, acetylene, ethylene, benzene, and methane. 
[0102] In order to carry out characterization of the obtained carbon nanotube device, the carbon 
nanotube device of group **, **, and ** was installed in the vacuum chamber, and it installed so that the 
position which was parallel to the base and separated the counterelectrode from the base 0.1mm might be 
countered with the carbon nanotube forming face of a base. And after exhausting the inside of a chamber 
to 10-8Torr, positive voltage is impressed to the counterelectrode and the amount of electron emission 
from a carbon nanotube was measured. 

[0103] Moreover, as an example of comparison, on this front face of the base which has a conductive 
front face, the carbon nanotube which ethanol was made to distribute was applied and the carbon 
nanotube thin film was formed. Variance considered as the amount of said mostly with the carbon 
nanotube which the carbon nanotube device obtained using the base and ethylene of above-mentioned 
group **,**, and ** is supporting, and prepared the base with a carbon nanotube thin film 
corresponding to the carbon nanotube device of group **, **, and **. Next, the amount of electron 
emission from this base was measured like the above-mentioned method. 

[0104] consequently - in the carbon nanotube device of group **, **, and ** about - the emission 
current began to be observed from 100V impression, and the amount of current at the time of being 
200V impression was large about 1 figure as compared with the film which only distributed the carbon 
nanotube It is considered to be the cause that the carbon nanotube was enough joined to the electrode, 
and the carbon nanotube was isolated, and this is extended perpendicularly. 

[0105] It was checked from this that the device of this invention has the function which was excellent as 
a source of electron emission. Moreover, between the carbon nanotube devices of group **,**, and **, 
the amounts of electron emission were group **, group **, and group ** at many order. 
[0106] (4) The base of group ** was prepared by the same method as having explained above (1). It is 
this base H2 : After heat-treating at 500 degrees C in the mixed gas of helium=2:98 (volume ratio) for 1 
hour, the carbon nanotube device was produced like the above (3). The amount of electron emission was 
measured like the above (3) using this carbon nanotube device. The electron emission of the amount also 
exceeding the amount of electron emission of the carbon nanotube device produced using the base of 
group ** measured above (3) as a result was checked. Although the reason the carbon nanotube device 
produced using the base which added heat treatment does such an effect so is not clear, when the path 
was returned and the conductivity of a path improved with heat treatment, it is thought that it is because 
the electrodeposted efficiency of the catalyst ultrafine particle into pore also went up and the 
conductivity of a conductive front face and a carbon nanotube has been improved further. 
[0107] The example of a process when an electrode layer is the same as a catalyst metal the secondary 
example is explained. After carrying out thickness O.lmum membrane formation of the Co film on a base 
first by the RF plural sputtering method using Si wafer substrate which carried out clarification as a base 
like the example 1, the target was changed into aluminum within the same equipment, aluminum was 
continuously formed in thickness of 0.2 micrometers, and the Al-/Co cascade screen was produced. 
Sputtering conditions are RF power 400W and Ar=5mTorr atmosphere here. 
[0108] Next, the base was used as the anode plate, Pt was used as cathode, dipping this base in the 
oxalic acid solution of 0.3M, and holding at 17 degrees C, it impressed 40V, and aluminum film was 
anodized. Although the front face of aluminum oxidizes quickly at first by voltage impression and 
current value decreases, if pore begins to be made after that, current value will increase and it will 
become constant value. Since pore reached Co layer of a ground and current value increased gradually 
after oxidization of aluminum film was completed, anodic oxidation was terminated at this time. It was 
for about 2 minutes in the meantime. 

[0109] In order to extend the hole of this pore, after dipping for 40 minutes into an about [ 5wt% ] 
phosphoric-acid solution, when it took out, the base which equipped the front face with the alumina film 
which has pore with a diameter of about 50nm was obtained. Moreover, by this processing, Co side of a 
ground can be exposed to a pore bottom, and it can use now as a catalyst portion. 
[0110] Next, it installed into the reactor which shows this base to drawing 4 , 20sccm introduction of the 
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hydrogen gas was first carried out from growth promotion and the gas introduction pipe 45, and the 
pressure in a reaction container was set to 500Pa. And the infrared lamp was turned on and base 
temperature was made into 600 degrees C. 

[0111] After it carried out 20sccm introduction of the mixed material gas which diluted ethylene with 
nitrogen to 10% after temperature was stabilized, and it set the pressure in a reaction container to 
lOOOPa, and having held for 20 minutes, erasing the infrared lamp after that, intercepting gas supply and 
making substrate temperature into the room temperature, the base was taken out in the atmosphere. 
[0112] Although the carbon nanotube was growing from the pore portion when the front face of the 
obtained base was observed in FE-SEM, many pore portions which the paths of a carbon nanotube are 
several lOnm and eye **, and growth has not generated were also seen. The catalyst which exists in pore 
from this is understood that it is desirable that it is an ultrafine particle-like like an example 1 . 
[0113] In order to carry out characterization of the obtained carbon nanotube device, after attaching an 
electrode to Co film of a base like an example 1, it installed in the vacuum chamber, and it was parallel 
to the substrate and the counterelectrode was installed in the position separated from the substrate 
0.1mm. And after exhausting the inside of a chamber to 10-8Torr, positive voltage is impressed to the 
counterelectrode and the amount of electron emission from a carbon nanotube was measured. 
[01 14] As a result, the emission current began to be observed from the time of abbreviation 150V 
impression, and although the amount of emission currents at the time of 200V impression was the half 
grade of an example 1, it was about several times larger as compared with the film which only 
distributed the carbon nanotube. It was checked from this that the device of this invention has function 
sufficient as a source of electron emission. 

[01 15] Although, as for the reason nil why the amount of emission currents is small, the carbon 
nanotube is enough joined to the electrode as compared with the electron emission element produced 
using the carbon nanotube of an example 1, electric field seldom concentrate [ the diameter of a carbon 
nanotube ] thickly a little, and it is considered to be the cause that the growth density of a carbon 
nanotube is low. 

[0116] The example of the carbon nanotube which produced all of the layer and base which constitute 
an example 3 next an obstruction, and a conductive front face by Si is explained using process outline 
explanatory drawing of drawing 6 , and the equipment ****** type view of drawin g^ . 
[01 17] Using the p type Si substrate of the low resistance (several mm - number lOOmmomegacm) as a 
base, in order to form an electrode at first, after forming about 1 micrometers of aluminum films at the 
rear face of a p type Si substrate, it annealed at 400 degrees C, and the ohmic contact was produced. 
[0118] And the base was put in into solution (fluoric acid =10% and alcoholic =5%), it considered as the 
anode plate, Pt was used for cathode, and anodization was performed. Under the present circumstances, 
aluminum on the back was installed so that a fluoric acid solution could not be touched, and it took the 
electrode from aluminum side. Moreover, the current value at the time of anodization is several 10 
mA/cm2. It set up so that it might become. And the base was taken out after anodization and it washed 
in distilled water and IPA. The pore of several nm as shown in Si front face according to this process at 
drawing 6 (a) - lOnm of numbers was formed, and each pore was isolated by ** with the obstruction 22 
of p type Si. 

[0119] Vacuum length was carried out until it installed this base in the vacuum deposition machine and 
became a degree of vacuum 10-6Torr base, and 0.3nm of Fe(s) was deposited by the resistance heating 
vacuum deposition on the upper surface. And when a base is heated to 700 degrees C with ** 
maintained into a vacuum and the heat condensation of the vacuum evaporationo film was carried out, it 
became the structure to which the catalyst ultrafine particle 23 entered into pore like drawing_6 (b). 
[0120] Next, it installed into the reactor which shows this base to drawin g 4 , 20sccm introduction of the 
hydrogen gas was first carried out from the gas introduction pipe 45, and the pressure in a reaction 
container was set to 500Pa. And the infrared lamp was turned on and base temperature was made into 
650 degrees C. After it carried out 20sccm introduction of the ethylene, and it set the pressure in a 
reaction container to 2000Pa, after temperature was stabilized, and having held for 20 minutes, erasing 
the infrared lamp after that, intercepting gas supply and making substrate temperature into the room 
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temperature, the base was taken out in the atmosphere and the carbon nanotube device was obtained. 
[0121] Next, the carbon nanotube device was produced like the above except having changed the 
material of a catalyst ultrafine particle into Co, nickel, or Pd. Although growth of the carbon nanotube 
from a pore portion was accepted about the device using Fe, Co, and nickel as a catalyst when the front 
face of these four kinds of carbon nanotube devices was observed in FE-SEM, in the device using Pd, 
most growth of the carbon nanotube in pore was not seen. 

[0122] In order to evaluate the property of the carbon nanotube device which used and produced Fe, Co, 
and nickel for the catalyst, after attaching an electrode to a base like an example 1, it installed in the 
vacuum chamber, and it was parallel to the substrate and the counterelectrode was installed in the 
position separated from the substrate 0.1mm. And after exhausting the inside of a chamber to 10-8Torr, 
positive voltage is impressed to the counterelectrode, and the amount of electron emission from a carbon 
nanotube was measured. 

[0123] about [ consequently, ] — electron emission began to be observed from the time of 100V 
impression, and the amount of emission currents at the time of 200V impression was large about 10 
times as compared with the film which only distributed the carbon nanotube 
[0124] It is considered to be the cause that the carbon nanotube is enough joined to the electrode, and 
each dissociated, and this is perpendicularly extended from the base. It was checked from this that the 
device of this example has the fiinction which was excellent as a source of electron emission. 
[0125] Process outline explanatory drawing of drawing 7 and the equipment outline diagram of drawing 
4 are used, and the composition and the example of a process of a tip type carbon nanotube device are 
explained to the 4th example. 

[0126] After applying the resist 71 (the Hoechst A.G. make, AZ) by 0.5-1 -micrometer thickness by the 
spinner like drawing 7 (a) on the low resistance Si wafer which is a base first and carrying out UV 
exposure using a mask, the exposure portion was exfoliated by the organic solvent and the 0.1-1 
micrometer (submicron) hole 72 was made on the resist. And the base was introduced into the plasma 
etching system, Si wafer was ********** e d f rom a part for the hole of a resist, and the hole 72 was 
produced also to Si wafer. At this time, etching conditions are SF4. Gas was 5Pa and RF power was 
150W, and processing-time 1 minute. 

[0127] Next, this base was installed in resistance heating vacuum evaporationo equipment, and the Cd- 
nickel alloy (composition ratio 1:1) was formed in the thickness of lnm to the resist layer front face and 
the hole front face of Si wafer. Subsequently, after carrying out the lift off of the resist, it anneals at 500 
degrees C among a vacuum, and the heat condensation of the Co-nickel thin film was carried out, and it 
ultrafine-particle-ized and considered as the catalyst ultrafine particle 73 of drawing 7 (c). 
[0128] Next, it installed into the reactor which shows this base to drawing 4 , 20sccm introduction of the 
hydrogen gas was first carried out from the gas introduction pipe 45, and the pressure in a reaction 
container was set to 500Pa. And after turning on the infrared lamp, making base temperature into 700 
degrees C and stabilizing temperature, 20sccm introduction of the acetylene gas of 90% dilution of 
nitrogen was carried out, and the pressure in a reaction container was set to 3000Pa, and was held for 20 
minutes. And the infrared lamp was erased, and after intercepting gas supply and making substrate 
temperature into the room temperature, the base was taken out in the atmosphere. 
[0129] When the front face of the obtained base was observed in FE-SEM, as shown in drawing 7 (d), 
the carbon nanotube 24 was growing from catalyst ultrafine particle 23 portion in a hole 72, and the 
diameters of a carbon nanotube were several nm - lOnm of numbers. 

[0130] In order to carry out characterization of the obtained carbon nanotube device, the substrate was 
attached in the probe portions of STM and AFM evaluation equipment, and the electrode was made into 
the probe which wired. STM and the good picture depended on a carbon nanotube tip type as a result of 
AFM evaluation are acquired, and it is ****. 

[0131] The directivity of the carbon nanotube surrounded by the obstruction is joined sufficiently 
electrically [ a carbon nanotube ] to an electrode (here low resistance Si) good, and this is considered to 
be the effect that a nose of cam is sharp. 

[0132] The ** type schematic diagram of drawing 8 is used, and the example of composition of a 
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tunneled type carbon nanotube device is explained to the 5th example. 

[0133] Electrodes 81 and 82 are first provided on the high resistance or insulating base 80, and it is 
formed as the alumina film of the obstruction 22 which adjoins an electrode 81 and has pore is drawin g 
8(b). 

[0134] Moreover, the catalyst ultrafine particle 23 was introduced in pore, the carbon nanotube 24 grew 
from the catalyst ultrafine particle front face, and the carbon nanotube 24 has reached even on an 
electrode 82. Moreover, the thin insulating layer is prepared in the part on an electrode 82, and it 
connects through the insulating layer 87 in the carbo nanotube 24 on it. The insulating coat film 83 is 
formed on the insulating layer 87 and the obstruction 22. Moreover, it insulates with the obstruction 
between the electrode 81 and the carbon nanotube, and, therefore, connects between the electrode 81 and 
the electrode 82 in order of the electrode 81 -obstruction (alumina layer) 22-catalyst ultrafine particle 23- 
carbon nanotube 24-insulating-layer 87-electrode 82. 

[0135] After carrying out electrode attachment of the device which has the above-mentioned 
composition, it inserted into liquid helium and cooled to 4K, and the current-voltage characteristic was 
evaluated. As a result, the negative resistance region was observed by the current-voltage characteristic. 
The device of this invention has the double obstruction and this is considered to be the result in which 
the resonance tunnel phenomenon appeared. If this effect is used, it is expected that it is applicable to RF 
detection or an oscillation. 

[0136] If seeding of the catalyst ultrafine particle is only carried out to a flat front face with high density 
and a carbon nanotube is produced by the thermal decomposition method, the probability of growing up 
while one carbon nanotube connects many catalyst ultrafine particles to the inside or an outside will 
become high. 

[0137] Thus, as for the directivity of the carbon nanotube to which two or more catalyst ultrafine 
particles were connected, configurations, such as variation and a size, do not become uniform in many 
cases, either. It is desirable to isolate respectively and to grow up a catalyst ultrafine particle from this. 
[0138] Moreover, with the present technology, although a carbon nanotube is applied in many cases as 
an electrode, after compounding a carbon nanotube, it scatters on paste attachment or a substrate and the 
method of forming a metal is taken. 

[0139] Even if the carbon nanotube device of this invention does not give electrode attachment after 
such composition, it has one feature at the point of having the composition which has combined the 
conductive front face and the carbon nanotube possible [ a flow ]. And the device which has such 
composition is producible by choosing many things, as composition of the obstruction which separates a 
conductive front face, a catalyst ultrafine particle, and an ultrafine particle, the synthetic method of a 
configuration and a carbon nanotube, etc. were described in the specification. And according to this 
invention, the following effects can be acquired, for example. 
[0140] 

[Effect of the Invention] (1) The good device from which it was electrically joined to the electrode, and 
the carbon nanotube was isolated mutually is obtained. 

(2) The good electron emission device of the electron emission characteristic is obtained. 

(3) Probes in which an image is good and intensity has it, such as STM and AFM, are obtained. 

(4) The new tunneled type device using the carbon nanotube is obtained. 

[0141] (5) The composition which consisted of a layer which includes a conductive front face for Ti, Zr 5 
Nb, Ta, Mo, Cu, or Zn, especially a layer containing Nb about the carbon nanotube device concerning 
especially this invention, and established the obstruction of the oxide film on anode of aluminum, i.e., 
the alumina film equipped with pore, on this conductive surface composition film has the good adhesion 
of an alumina film and a conductive front face, and an alumina film does not exfoliate in an interface 
with a conductive front face. For the reason, it becomes desirable composition at a carbon nanotube 
device applicable to a more nearly quality electron emission element, the probe for STM and AFM, etc. 
[0142] (6) Moreover, when semiconductors, such as p type Si, are used as a base, two or more pores 
isolated with Si or the obstruction of Oxidization Si can be easily formed in this p type Si front face by 
carrying out anodization of the p type Si front face. And if a carbon nanotube is grown up from this 
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pore, the carbon nanotube device in which a carbon nanotube has the carbon nanotube to which 
directivity was comparatively equal since the direction of growth is prescribed by this obstruction can be 
formed by the low cost. 

[0143] (7) When connecting a conductive front face and a carbon nanotube with an electrode through a 
catalyst ultrafine particle, 1 or more kinds of metals chosen from Fe, Co, and nickel of this catalyst 
ultrafine particle are desirable on growth control of a carbon nanotube. 

(8) Moreover, the carbon nanotube device which made the tunnel junction electric connection between a 
carbon nanotube and a conductive front face is desirable when producing a resonance tunnel device etc. 



[Translation done.] 



http ://www4 . ipdl .j po . go j p/cgi-bin/tran_web_cgi_ejj e 



9/26/03 



PAGE BLANK (USPTO) 



